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The tendency exhibited by virus agglutinated red blood cells to cling to glass and form shields has received less intensive investigation than the agglutination phenomenon which it accompanies. Burnet (1952) has summarized the results of investigations upon both of these manifestations of virus activity as follows: "It is generally accepted that hemagglutination is a direct result of adsorption of virus particles simultaneously to the surfaces of two erythrocytes so that clumps of cells develop held together by virus bridges. The characteristic thin granular shield obtained on the bottom of the tube suggests that the adsorption of virus particles to the surface of the glass may also play a minor part."
It has proven possible in some measure to antagonize and to enhance the ability of PR8 virus to induce shield formation by relatively simple agents, particularly surface active compounds of the cationic type. In addition, under some conditions cationic surfactants can induce shield formation in the absence of virus. This similarity of action of the cationic surface active agent to the action of PR8 suggests that the major role in shield formation may be assigned to surface tension.
MATERIALS AND METHODS
Virus. Influenza virus, PR8 strain, was obtained by inoculating embryonated eggs and harvesting chorioallantoic fluid after 44 hr at 35 C. The pooled fluids were centrifuged and the supernatant removed to storage at 4 C for not more than one week.
Red blood cells. Human 0 type red blood cells were collected into one-third volume of acidcitrate-dextrose solution (Rapoport, 1947) Studies, 1950) . Precise fractional titrations were performed by the method of Horsfall and Tamm (1953) . Results of the fractional titrations were converted from the negative logarithmic units obtained by this method into the more usually encountered dilutions.
Virus digested cells. Red blood cells were incubated 12 hr at 37 C with PR8 virus and then washed 5 to 7 times in isotonic saline, packed, and made up as a one per cent suspension in phosphate buffered saline. Precise fractional titrations were then performed using these virus digested cells.
Surface active agents. Three types of surfactants, cationic, anionic, and nonionic were used in these investigations. The cationic agents used were cetyl pyridinium chloride and lauryl dimethyl benzammonium chloride (Sanivers); the anionic agent was of the alkyl aryl sulfonate type (Nacconal NR) and the nonionic was an alkyl aryl polyether alcohol (Triton X-100).
RESULTS
In experiments upon virus hemagglutination and upon virus digested red blood cells with anionic and nonionic surfactants, concentrations above 10 ppm produced hemolysis necessarily limiting the range of concentrations employed. In the concentration ranges available, 0 to 10 ppm, neither enhancement nor antagonism of the virus-induced hemagglutination were noted. These compounds also had no observable effect upon virus digested red blood cells. However, when a cationic surfactant was introduced into the test systems at concentrations of 4 to 5 ppm, marked effects were found upon the extent of the virus hemagglutination and the sedimentary pattern of the digested cells. These effects are indicated in Normal ghosts.. S S P P P P P P P Virus digested ghosts ........ S S S S S S P P P S = Shield forms, cells agglutinated. P = Pellet forms, cells not agglutinated.
possible to assess differences in the suspension stability of normal and virus digested red blood cells by a technique developed for use with bacterial and yeast suspensions (Chesbro and Hedrick, 1957 represented by Salmonella and Shigella; their suspensions possess zero electrophoretic mobility (Joffe and Mudd, 1934) . In the case of the red blood cell at least one such hydrating area must be considered to exist; namely, the mucopolysaccharide portions that are substrate for the virus enzyme. Taking cognizance of this fact, from the data of table 2, it is possible to regard virus digested red blood cells as representing a stage nearer the hydrophobic (metallic) suspensoid state than normal cells; which is merely stipulating a special case of the general state of low electrophoretic mobility described by Bateman et al. (1956) for virus digested cells.
From these considerations it is possible to postulate a mechanism for the agglutination and shielding of virus digested red blood cells by the cationic surfactant (which, incidentally, agglutinated many species of yeast (Chesbro and Hedrick, 1957 ) and bacteria (Dyar and Ordal, 1946; Stedman et al., 1954) by an apparently similar mechanism) consistent with its inability to agglutinate normal red blood cells. That is, the virus brings the red blood cell to a metastable condition by altering hydrating areas of the cell surface. Addition of the cationic molecule to this altered cell surface produces a more oleophilic condition and surface tension would act to produce cell-to-cell attraction (agglutination) and to glass cling (shielding). An explanation for this may be by combination with negatively charged groups on cell surface (Hutchinson and Bean, 1955) or by occlusion of the non-polar moiety from aqueous phase into lipoidal areas of cell surface (Dyar and Ordal, 1946) . Either circumstance would result in lower net negative charge (Stedman et al., 1954) . Generalizing from this conclusion it seems reasonable to suppose that the formation of a shield by the virus-red blood cell complex is also a surface tension manifestation accompanying an unstable condition, that results when the virus masks the hydrating mucopolysaccharide groups of the cell surface.
The following schematic representation, figure 1, is an attempt to summarize the various states resulting from virus, red blood cell and cationic surfactant combinations.
Although our attention had been focused originally only on the shield formation phenomena, it became apparent as the studies progressed that shield formation is invariably accompanied by agglutination (although the Ginsberg et al. (1948) , Ginsberg and Horsfall (1949) and Hurst and Stacey (1950 virus to red blood cell ratio at the hemagglutination end point than the "virus-bridge" mechanism which required a 1:2 ratio at the end point (Lanni and Lanni, 1952) . Preliminary studies of hemagglutination involving metallic ions instead of the virus give equalibria relationships that further substantiate the role of surface tension in virus hemagglutination. Results of these expanded studies will be reported in a later communication.
SUMMARY
Virus digested red blood cells are agglutinated by low concentrations of a cationic surface active agent while normal red blood cells are not so aggregated. Likewise ghosts of virus digested cells form shields in much lower saline concentrations than do ghosts of normal cells.
From the evidence presented, it is proposed that shield formation in virus hemagglutination is a surface tension effect.
